Background Cardiovascular mortality has been declining in Denmark over the past 20 years.
Trends in incidence of myocardial infarction (MI) over the period 1982-1991 are described within the framework of the World Health Organization MONICA Project.
Methods
The DAN-MONICA heart register included all cases of MI in 25-74-year-old men and women living in 11 municipalities around Glostrup County Hospital evolving over a period of 10 years. They were identified retrospectively based mainly on relevant ICD diagnoses in death certificates and hospital discharge reports. Cases meeting WHO-MONICA criteria for definite or possible MI, recurrent as well as first-ever MI, were registered. Subsequent tracing of cases through national registers on deaths and hospitalizations by means of the patient's civil registration number ensured the completeness of the registration.
Results
A total of 6025 cases of MI occurred in the period, 4532 among men and 1493 among women. A total of 2923 men and 1047 women had a first-ever MI in the period. The age-standardized rates show a definite decline over the registration period for men and a less distinct decline for women.
Material and Methods

Study population
The study population consisted of all individuals aged 25-74 living in 11 municipalities around Glostrup County Hospital in the western suburbs of Copenhagen. The average size of the population was 202 000 individuals (range 199 600-206 200). 12, 13 Also the average age within each 5-year age group changed by only 0.3 years over the 10-year period for both men and women. In the following, only the age group 30-74 is included because very few cases of MI (29 or 0.2%) were found in the age group 25-29.
In addition to the age groups covered by the WHO 'core study', DAN-MONICA included the age group 65-74, since in Denmark there is no policy of restricting certain treatments to people aged less than 65, and because diagnosis according to the criteria adopted for the MONICA projects was assumed to be possible for this age group as well.
Sources and data collection procedures
The DAN-MONICA register included all cases of MI occurring in the study population over a period of 10 years.
Sources
All cases of possible heart attack occurring in the study population were identified retrospectively (cold pursuit) based mainly on relevant ICD diagnoses on death certificates and hospital discharge reports and to some extent on reports from general practitioners and nursing homes. Cases were identified as follows:
1. Non-fatal cases leading to hospitalization at the county hospitals. Records were retrieved from the archives based on a preliminary search of hospital register data. The DAN-MONICA search codes for hospital discharge diagnoses of non-fatal cases were the ICD-8 codes: acute MI 410 and suspected cardiac arrests 427.24, 427.27, 427.91, 427.97.
2. Fatal cases. Death certificates were collected directly from the local medical officers of health before being passed on to the National Board of Health. Death certificates with the following ICD-8 diagnoses as primary or contributory cause of death were processed: hypertensive heart disease 401-405, ischaemic heart disease 410-414, other heart conditions 420-429, arteriosclerosis 440-447, pulmonary embolism 450, chest pain 784, sudden unexpected death 795-796, diabetes mellitus 250, obesity 272, hypercholesterolaemia 277. The overall result was checked by extracting all cases diagnosed as acute MI from the National Cause of Death Register.
3. Non-hospitalized non-fatal cases. These events were identified from records of general practitioners and nursing homes in the area. In two periods of time-at the beginning and middle of the registration-co-operation with the general practitioners was intensified to evaluate the frequency of episodes of suspected MI in which the patient was not admitted to hospital.
4. Non-fatal cases hospitalized at hospitals outside the area. These cases were identified from the Danish National Patient Register using the same diagnostic search fields as for patients hospitalized at hospitals in the county. Commentaries and post-mortem data, if any, were collected from the hospitals in question.
For all potential cases information was retrieved from current or previous records, discharge cards, emergency ward reports, death certificates, inquest or autopsy reports. The material was processed and coded by doctors attached to the DAN-MONICA register.
Definitions and diagnostic criteria
Cases meeting the WHO criteria 14 for definite or possible MI or, if fatal, the criteria for coronary death, were included in the register. The criteria were based on symptoms, enzyme changes, ECG changes and post-mortem findings unambiguously defined in the coding instructions.
The register included cases of recurrent MI as well as those of first-ever MI, with the duration of an event defined as 28 days. Deterioration of symptoms or signs of new occlusion within this period calculated from the attack date were not regarded as a new event. Likewise fatal cases are defined as cases where death occurred within 28 days of the onset of an event.
Definition of MI
In this article the numerator for rates is defined as the sum of definite cases alive after 28 days and definite and possible cases where death occurred within 28 days.
Primary and secondary MI
A case was considered to be a recurrent event if the record entries, death certificate, or other primary data sources contained information on a previous MI. The DAN-MONICA register itself provides the possibility of identification of secondary cases in patients with several episodes over the period 1982-1991. This possibility, however, presents the risk of systematic bias when evaluating changes in incidence over time, because the possibility that a previous MI is included in the register increases over the period. Data on previous events included in the register were therefore not used when distinguishing first-ever from recurrent events.
To check the validity of the estimated trends in the rate of first-ever events, a supplementary analysis was carried out using data from the Danish National Patient Register. The DAN-MONICA register was matched with the Danish National Patient Register by means of the patient's civil registration number, and all hospitalizations with MI were identified. Since the Danish National Patient Register was not established until 1978 previous infarcts could only be evaluated over a period of 4 years for patients hospitalized in 1982. In order to obtain a uniform evaluation over the period 1982-1991, first-ever infarctions were therefore defined as cases registered in the DAN-MONICA register, where, according to the Danish National Patient Register, the patient had not been hospitalized with the diagnosis MI within the 4 years prior to the actual event. This made it possible to identify previous episodes of MI in a uniform way independently of the DAN-MONICA registration and thus avoid bias.
Quality control
The completeness of the registration was ensured by the wide search field and by subsequent tracing of cases through national registers on deaths and hospitalizations (The Cause of Death Register and the Danish National Patient Register). Patients not hospitalized were traced through general practitioners.
To evaluate false negatives all episodes of heart disease (ICD 393-429) were registered for a period of 6 months.
The validity of the diagnoses were ensured by inter-and intraobserver studies within the framework of WHO comparing the coding of selected cases (including ECG) in the various countries. These quality control procedures were carried out throughout the entire study period at intervals of 1-2 years.
Statistics
Measure of incidence
The article presents attack rates as well as the incidence of first-ever events. The attack rate indicates the number of cases per 100 000 person-years. The same individual may be included in this calculation several times. The attack rate is a suitable measure for the load on the public health care system. The incidence is calculated as number of first-ever events per 100 000 person-years. Annual sex-and age-specific standardized rates were calculated by the direct method using the study population in 1991 as reference.
Statistical tests
The association between two categorical variables is evaluated by means of Pearson χ 2 test. To test the trend the GoodmanKruskals γ is used. Trends in incidence are evaluated by means of Poisson regression.
Results
A total of 9638 events in the age group 30-74 years were registered, and 6025 (62.5%) met the specified criteria for MI (Table 1 ). In 1349 (14%) of the fatal cases data were incomplete, permitting no classification.
Changes in frequency
Attack rate A total of 6025 cases of MI occurred in the period, 4532 among men and 1493 among women. In the age group 30-39 years the entire period had a total of 101 cases among men versus 14 cases among women and at 40-49 years there were 553 cases among men and 111 among women. Figure 1 shows the age-specific attack rate for men and women in the periods 1982-1984, 1985-1987, and 1988-1991 . The curve for women has a parallel displacement of 8-10 years with increasing age when compared with men. Poisson regression revealed significant downward trends in attack rates (Table 2) , which are evidence from the age-standardized rates displayed in Figure 2 . Table 3 gives the attack rates in the individual age groups for the period 1988-1991.
Incidence
A total of 2923 men and 1047 women had a first-ever MI in the period. In the age group 30-39 there were a total of 80 men and 12 women who had a first-ever MI, whereas the number increased in the age group 40-49 to 425 men and 91 women. The incidence rates for the periods 1982-1984, 1985-1987, and 1988-1991 are shown in Figure 3 . Here again there were statistically significant decreases in incidence over time for both sexes ( Table 2 and Figure 2) .
The age-standardized rates ( Figure 2 ) show a definite decline over the registration period for men and a less distinct trend for women. Table 4 gives the incidence rates for the individual age groups in the period 1988-1991. The validity of the observed decline in the incidence depends critically on the recording of previous events. Defining previous events on the basis of 4 years of data from the national hospital register (The Danish National Patient Register) results in overestimate of first-ever events, but ensures a high degree of uniformity throughout the period. The trend in incidence based on this alternative definition is shown in Figure 2 for comparison with the incidence based on the DAN-MONICA register alone. Although the levels are different, the curves show parallel trends in incidence. For men the incidence has gone down by 32% with both definitions and for women the decline is 24% with the DAN-MONICA definition and 33% with the alternative definition.
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Quality control
Data sources
Almost all non-fatal cases (4406 out of 4422) were admitted to hospital. In 78.5% of the cases an actual record was found. Furthermore, there were additional hospital data in commentaries for a total of 99.4% of the cases. Coding was based solely on data from a general practitioner or nursing home in only 23 cases (Table 5 ).
Of the patients who died within 28 days, 52% had been admitted to hospital, 5% were treated by their general practitioner or at a nursing home, but 42% were medically unattended. For 11% of the cases only data from death certificates existed. There were data on record in respect of half of the cases and commentary data on two-thirds of the fatal cases. There were post-mortem data on 46.4% of the deaths (mainly among patients admitted to hospital) and further inquest reports for 9.7% (not-hospitalized).
Among the non-fatal cases data on symptoms existed in 97.5% of the cases, enzymes in 90.8% and ECG in 93.4% of the cases (Table 6 ).
The frequency of cases with previous MI was more or less constant both among fatal and non-fatal cases.
However, there were insufficient data in 1349 (25.9%) of the fatal cases (Table 1) , of these only 52 (20%) were in the age group 30-44 years, whereas the frequency was 24-27% in the other 10-year age groups.
Insufficient data
With the chosen definition of MI an increase of fatal events with insufficient data over the 10-year period may lead to a declining trend in the number of definite and possible cases.
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Figure 2
Age-standardized attack rate and incidence of first-ever myocardial infarction 1982-1991 in DAN-MONICA by sex using two different definitions of first-ever events Figure 4 ) and hence there are 53 more fatal cases per year with insufficient data in the last period than in the first. If all these extra fatal cases with insufficient data had been definite or possible events of MI this would lead to a significant (P = 0.01) decline in the overall incidence of first-ever MI, which however is approximately only half of the observed reduction (Table 2) .
For hospitalized cases the frequency of fatal cases with insufficient data was only 8.1% out of 2689 cases increasing from 7.0% in 1982-1988 to 10.5% in 1989-1991. Among nonhospitalized (fatal) cases 44.8% had insufficient data increasing from 42.6% in 1982-1988 to 48.9% in 1989-1991 ( Figure 5 ).
The frequency of autopsy has gone down from 50.1% in 1982-1988 to 38.1% in 1989-1991. The decrease in frequency of autopsy in this period was highest among hospitalized patients (69.4%-51.3%) compared with a decline of only 2% among non-hospitalized cases. Most of these cases have hospital record information sufficient to make a MI diagnosis.
The number of death certificates from medical health officers evaluated to establish cases of MI was uneven over the period. 
Discussion
Using WHO-MONICA criteria and definitions a total of 6025 cases of MI living in a well-defined geographical area in the period 1982-1991 and having age 30-74 were identified, 3970 of these being first-ever events. Both attack rate and incidence of first-ever MI declined significantly over the 10-year-period, the first-ever incidence by 5.0% per year for men (95% CI : 4.0-5.9) and 3.5% per year for women (95% CI : 1.5-5.6).
A marked increase in the frequency of fatal cases with insufficient data and decrease in the frequnecy of autopsy was seen.
Data quality
For secular trends based on a register to be valid, that register must be complete. It is unlikely that the DAN-MONICA register omitted many cases of MI in its study population. The incidence of suspected non-hospitalized MI was evaluated in two periods at the beginning and middle of the registration through intensive contact with general practitioners. The incidence was less than 1% in each of the two periods. In a period where an extended search field was applied, 1% cases with definite or possible MI were found per year. The number of 'false negative cases', i.e. patients being hospitalized or dying with other diagnoses than those leading to coding by means of the search field of DAN-MONICA, must therefore be considered to be negligible. 'False definite cases', i.e. patients included in the search field due to suspected MI, which could later be disproved on the basis of MONICA criteria, were of the same order as in the majority of the MONICA centres. 14 P-values P Ͻ 0.0001 P = 0.30
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Figure 4
Frequency of cases with insufficient data compared to the frequency of autopsy [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] Thrombolytic therapy of the acute attack has become more and more routine since 1987. That year 2.4% had streptokinase, later this was used in approximately every fifth case. In principle, the introduction of thrombolytic therapy should not affect the incidence, but it may have affected the possibility of establishing the diagnosis. As the treatment is being implemented very soon after admission to hospital it may sometimes have the effect of precluding the usual enzyme increase which may again diminish the infarct to below detection limit. Consequently, the infarct does not meet the WHO diagnostic criteria.
The registration ought to be uniform throughout the period. Five doctors performed the coding of records as regards MI in the period. The inter-coder variation was checked on a regular basis and this was of the same magnitude as the intra-coder variation and did not increase over time. The tendency to interpret cases with scanty information as cases with insufficient data seems to have contributed to an increase in fatal cases with insufficient data.
A few aspects of the MONICA manual have been changed over the period but as these changes concern further specification rather than change of data they should not have significantly influenced the uniformity and use of the register.
Insufficient data
Compared with other centres DAN-MONICA does not differ 14 regarding hospitalization frequency for non-fatal cases or the degree of information on symptoms, enzymes and ECG. The incidence of fatal cases with insufficient data is a little above average compared with other centres even though far more patients were hospitalized. The reason may be that the distances in Denmark are so short that many very ill patients reach the hospital alive but do not live long enough to allow complete investigations. The older age groups included in the study may lead to a higher frequency of insufficient cases as insufficient cases are more common among the elderly.
A legislative amendment introduced in 1990 requiring permission from relatives before performing an autopsy has reduced significantly the frequency of post-mortem, in particular among hospitalized cases, where it decreased by 25%. This trend began, however, some time before the amendment became effective and explains to some extent the increase in the number of cases with insufficient data. Still, the impact of this is rather limited as other diagnostic alternatives are available as regards patients admitted to hospital.
It is a central purpose of MONICA to monitor the trend in sudden death, as such deaths could introduce an artefact into apparent trends in deaths from heart disease. In Denmark the interpretation of the official cause of death statistics has been difficult due to an increased incidence in deaths from unknown causes (ICD 795) in all age groups from the 1960s until now, and a simultaneous reduction in mortality due to ischaemic heart disease. 15 As we have evaluated such deaths according to standardized criteria of WHO we should have eliminated this source of error.
Trends in incidence
A valid evaluation of trends in incidence requires a uniform registration of cases of MI over the period and a definite and uniform identification of first-ever events.
Our data show a decline in incidence throughout the entire period. The particularly significant decrease over the last few years may to some degree be attributable to the introduction of thrombolytic therapy, which not only reduces case fatality 16 but also the extent of the infarct-even to below the detection limit. 17, 18 The increase in the number of cases with insufficient data has some impact on first-ever incidence of MI. If the additional cases with insufficient data recorded in 1989-1991 were considered definite or possible MI this would approximately half the decrease in incidence-however it would still be significant.
The coded incidence of cases with previous MI is higher in the group on which post-mortem has been performed. As the frequency of post-mortem went down over the last 3-year period, a reduction in the proportion of cases with previous infarct was to be expected. This was not the case, however. Theoretically, a reduced possibility to detect previous MI by means of post-mortem might lead to an overestimation of firstever events in the last period and thereby an underestimation of the actual decrease in incidence. A slight underestimation of the number of first-ever events in the first registration period was probably the case, as previous MI was coded from hospital records stating previous hospitalizations with symptoms of ischaemia. 19 The degree of documentation of previous MI was not recorded, because the manual did not state it until after 1983. Our alternative definition of previous cases based on the Danish National Patient Register, will on the other hand, result in an overestimation of the first-ever events as only cases which occurred over the previous 4 years can be included. In the case of both definitions we find, however, a definite declining incidence. For men the relative reduction is identical and for women the reduction is larger if data from the National Patient Register are used.
Theoretically, shifts in the average age within each 5-year age group towards an older or younger cohort might influence the evaluation of trend in incidence. The average age, however, was constant in all 5-year age groups over the 10-year period.
The incidence of MI in women is low, and the evaluation of changes in incidence over the period is therefore more uncertain among women than men. This may contribute to the fact that the changes in women are more ambiguous. It is also possible that the real change in incidence among women differs from that among men. In Denmark the prevalence of smoking among men has gone down quite significantly since the 1950s, but the prevalence among women increased until 1970 and has since been almost constant. 20 Trends in the incidence of MI in Denmark have been studied earlier in a national survey based on the Danish National Patient Register and the Cause of Death Register. 2 That registerbased study also demonstrated a reduction in the incidence from 1982 to 1992, but the reduction was relatively less significant than in the present report. The percentage reduction from 1982 to 1992 was 18% for men and 16% for women, as opposed to 33% for men and 24% for women in the present study.
Compared with other MONICA centres, the incidence of MI in DAN-MONICA is among the top third together with the other Scandinavian countries. 14 Other MONICA centres have conducted studies of the changes in incidence over time. In Finland similar results with declining attack rate and incidence of first-ever infarcts in men have been found, whereas the changes among women are minor and definite reductions were not seen. 9 In Australia declining attack rates of fatal cases were seen for both sexes, but non-fatal events fell only in men. 8 
Conclusion
The DAN-MONICA heart register achieved a high standard of completeness and uniformity throughout the registration period. Even when possible sources of bias are taken into account the incidence of MI fell significantly and constantly over the 10-year period 1982-1991. On average the incidence went down by 5.0% per year for men and by 3.5% per year for women.
